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1 INTRODUCTION

The following provides a brief and informal account of an analysis technique used by the Electronic Warfare
Division (EWD) to produce high range resolution radar rross-section (RCS) profiles of maritime targets. We
begin by giving a simple theoretical discussion of the basic principle behind the technique employed, and
then move on to describe the computer program used to carry out the first stage of the RCS analysis and
make comparison with other work, .

iligh range resolution RCS profiles, i.e. RCS as a function of range r, were derived for a maritime target with
the use of a coherent radar system developed by the Microwave Radar Division (MRD). Svathetic range
profiles wete obtained for the ship by exploiting the reciprocal relationship that exists, in the context of the
present work, Letween range and frequency (see Equation (3)), and by employing a fast Fourier transform
(FET) algorithm to evaluate the inverse discrete Fourier transform (IDFT). The technique is referred to in
the literature as stepped frequency imaging sand involves the recording of radar returns from n pulses, such
that the carrier frequency v, for each successive pulse is incremented by a fixed amcunt Av. The technique
has been discussed by several authors, including Wehner et al. (1973), Prickctt and Chen (1980). and Brvans
(1986).

~ . - ' .

- 2 SOME THEORY
The purpose of this section is to “fill in some of the gaps” left by Wehner et al. (1979). and by Bryans (19%6)
in their theoretical discussion of stepped frequency imaging. The treatment presented by the latter anthor
was actually based on other work, including that of Prickett and Chen {1980). According to Bryans (19861

provided the duration of the transmitted microwave pulse is large enough to enclose the entire target, the
radar return G(k) say, from an extended object at a range R, can be expressed as (refer to Figure 1] -

G(k):A/F(r)exp [—?(Vo-f-kdu)(R—r) dr, (Bl

where F(r) is the targe* reflectivity function, 4 is a scale factor (a function of power and signal propagation
for example). ¢ denotes the speed of light, and 1 = v/~ 1. The operating or carrier frequency 1. of the radar
is given by :-

vy = v, + KAV (k=0,1,...,n - 1). (21

Note that F(r) is a continuous real function of range r, and G{k) is a discrete complex function of the
integer k {which in turn specifies the radar operating frequency). Furthermore, the limits of the integral not
explicitly written in (1), are determined by the width of the transmitted radar pulse.

We can also write Equation (1) as :-
G(v) = A/F(r)exp(?wat)dr, (3)
where At = 2(r — R)/c, and we have dropped the subscript notation on the frequency v,. That is. the

argument of the exponential term in (1) and (3) represents the phase ¢, of a returned sigral relative to
# = 0, defined at range r = R. Rearranging (1), we find that :-

H(k) = /F(r)exp [%’tf(ucl + k.’_\u)r] dr, (4)
where
H(k) = A~ G(k) exp [401'(% + IcAu)RJ . ()
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Figure 1 Target range geometry (after Prickett and Chen 1980).

We recognise Fquation (4) as being a continuous Fourier transform that includes a phase shift term
exp(4xw,r/c). Hence, we can obtain the target reflectivity function F(r), from (4) via the following in-
verse continuous Fourier transform (ICFT) relationship :-

F(r)= /H(Ic)exp [:%(uo + kAu)r] dv. (6)

\Whence the discrete version of (6) for n radar pulses is g.ven by :-

n-1
4 .
F;:ZH,‘exp[~$(uc*kAu)r‘] (l=0.1.....n-1}. (7

k=n

In evaluating the magnitude of Fy (which we will ultimately be working with) the above phase shift term in
Equation (7) is effectively removed. It is therefore more convenient to simply use :-

n-1

F,:Zerxp(—%rw\;lr,), (8)

k=0

where AJ! = 2kAv/c. By analogy with a standard expression for the IDFT, for example :-

188 2mijk
”k=,‘,2"l°”’ == (k=0,1,...,n—-1), (9)
2

=0

we find that r; = ¢//2nAv, and F; can be evaluated using a FFT routine. The range resolution Ar, intrinsic
to the above method via the FFT algorithm, is therefore :-

c

Ar = —_—,
2nAv

(10!
which agrees with the formula given by Bryans (1986). In terms of the effective bandwidth B = nAv, of the
transmitted waveform, the range resolution can also be specified by the familiar expression :-

¢

Ar:2§. (11)
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3 THE COMPUTER PROGRAM

At the time of writing, the most recent version of the computer program written to enable a prelimnary
analysis of the RCS data is called HIGH RES ANALYSIS 3 (refer to the program included as Appendix 1.
The input data files contain measurements of the in-phase (/) and quadrature (Q) components of n = 256
transmitted and received radar pulses per frame. The returned radar sienst C{k), can therefore be written
as G(k) = Ix + Q. Header information for each frame can also be extracted from the input files. An initial
radar operating frequency v, of 9.16 GHz was chosen, and a frequency increment of Ay = 1 MHz used for
each of the 255 subsequent pulses. From Equation (10), the range resolution Ar, is then se. at :-
3 %108

A:—*—/————:U.G N '
"7 2 256 x 106 m

&

and yields an unambiguous range window (n — 1)Ar, of approximately 150 m, which is large enough to
enclose the selected target.

The FFT routine used in the program to evaluate Equation (8) via :-

n-1

2rakl
F,:Zerxp<— :{ ) (=01, .,n-1). [REX

k=n

was taken from p. 754 of Numerical Recipes (refer to Press et al. 1986). The storage convention of the
input/output data array DA'TA1.is outlined in Appendix II. Once the data are windowed with the Hamnung
window function, and the n-point Fourier transform applied, the amplitude A, associated with the returned
radar signal (a measure of the power returned from the target), is stored in an output file, together with the
appropriate range value. The above amplitude of the radar return is presently defined as :-

A= Fy- F{F;A (14

‘V/
That is, the square root of the sum of the squares of the real and imaginary components of the IDFT. This
can later be sealed in accordance with a standard calibration procedure to produce an estimate of KCS in
the units of dBm? for example.

The result obtained from running the program on an input file is presented in Figure 2. The range profile was
plotted using the graphics package CRICKET GRAPH. Good agreement is found with the corresponding
plot for the same data provided by MRD (see Figure 3), although the latter result was obtained with an
independent computer program developed by that Division.

Note that the output data files currently contain range and radar return values separated by a TAB, as
required by CRICKET GRAPH. The computer program used in the next stage of the analysis, i.e. GRAPH
MATCH, has been modified to allow for this. Refer to Bawden and Moon (1989) fot further details concerning
the use of GRAPH MATCH.

4 CONCLUSIONS

In this research note we have presented a simple theoretical discussion of a radar technique known as stepped
frequency imaging. We have demonstrated the results that one can obtain with this technique, and shown
these results to be in agreement with those produced by MRD for a particula- data set.
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APPENDIX I

HIGH RFS ANALYSIS 3

program high_res analyais :
( -'OQO'QN"VQ.QQQQ_Q-Q."v't"l-t"ﬁv'i.ﬁt""‘.Q'.Q.Q"t'a'."'ttvﬁnniv-'

author ¢ P.W, Taliana and S.D, Zlton

date 1 13-Nov-1939

sragram : calculates the 05 pro?ile of a
resolution radar technique. The
ISAR merhod and employs a

target using a high b
technique i3 based on the -«
FFT routine in the analysis e

o

4 & 5 8w ¢ 3 8

o-oq--w-q-'w--u'tanﬁwqbtvthqw-wownwuw---ta~-wt--'q'-'tn-v--..Qt-----'n

ST+ { autolink runcime unics )
{Sz+}
uses

Mamcypes

{,aquickdraw, osint 2, tcolint e,
PasinCut,?asCensole, SANE, PasPrinter, Sack:

, wntd, Turtle ;)
cInac
heacer start = 'TIME!

n w285

PI = 3.141833

nn2 = 512 ; { used in }

nn o= 255 { FFT }

{

isign = ~1 ; routine }
tyYpe
glcarray = array (1..nn2) of real :
Cut_file = array(l..2,1..256] of real ;
in_file_data_type = Record )

- header : Packed Array(l..256] of char :

data roarray (1..256] of
packed record
TX_inphase,
TX_quadrature,
RX_inphase,
RX_quadrature ; byte ;
end ;
end ;
var
FR.FI,DatAmp : Qut_file ; i
datal : gldarray ; .
MAX Power ¢ Array (1..2] of longint : :
heager ¢ str255 :
k.1 : integer ;

input file : flle of tn_file data_type

file data  : in file data_type :
word ¢ STRING;

fumber tozeal ;

in_header : boolean ;

('iw'-'witvw"w-w-""a-*. Assicn Data "'O"tt't""'t""'w'")

procedure assign_data ;

{ assign recieved signal combonenty to a data array that is to be Fouriaw
ransformed }

begin ( a3sign_data }

vriteln('assign data’) :
for { := 1 ton da
begin

dacal(Zvi-1] := (2,4 datal {2*4]) = -f£172,4)

( writeln('READ’.chur(9).cac;L(Z'i-lI.cha:(S).datal[Z'l)) : )
end;
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and ¢ ( assign_data |}

R AR R R R T

?rocedure Hamming !
g

{ windew daza using the

var
a, &, k : Integer :
windowl : Real

Begin { Harming )
Writeln('Rammang')

aim
Niel

HAM

WINDOW =*teroervansnmamnevonanve)

Yamring window func:ticn }

a twn
Tor L =L o ndo
3eqin
windowi 1= 0.34~0.43 * ccs(2.0 * pi o+ ({i-1Y /a)
tal(l*i-1] = dazal{2+i-1]*windows
dazal(lTi] = datal{l+i)*windowi ;
Znd
2ND » { Hammang )

[swecaserversesnarvnnenwwr PACT FOURTER 77

- h

=3

?rocedure
{ replaces
zeplaces
is input

var

434 n

sevem i
NSTCRM seewerervrencavnvvavesnvne!

vor datal: gldazray: nn,isign: integers) :

ZATA by its discrete Fourier transfcrm, Lf ISIGH Lis input as 1; or
CATA by NN zimes ‘t3 inverse dicrete Fourler transform, !
as -1. DATA 13 a complex array of
a real array of length 2°NN, MN must be an

L2 I°lGN
length NN or, equivalently
integer power of 2

- o«

--= Numerical Recipas p 754 }

ii,44,n,an2, mmax,m, 3, istep, L: integer ;

wremp, wr, wor,wol,wi, thetal: double ;

tempr, temp:: real @

begin

wrrteln{'FTT")

{ double precision fnr

the trignometrsic
{ recurrances }

thig is the bit-reversal section of }
the routine }

PR

{ for L := 1 to 2*nn do
begin

writeln{'TF1', dztal(ll)
end : }

nn2 = 2*nn )

3 w1 :

for if := 1 to nn do

beqgin

4w 20141

Lf (4>1) then begin

cempr := datal(j]

‘

templ := datal(j+l]

{ exchange the complex numbers }

datal(j] := dacal(i]
datal(j+l] :w datal[i+l]
datal(i] :w tempr:
datal(i+1] :w= tempi

end

m = nn2 div 2 ;

while ((m >= 2) and (§ > m)) do

begin
3w dem
m = mdiv 2

max
while

rw 2
(nn2 > rmax)

do

{ hers begins the Dan.slson-Lanczos section of the r:
{ outer loop executed log(2) NN times }
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signTmmax) f{ .nitialise
2.2 SN [ regurrence !

~TL sinitnesal):
wi o= 2.0
Ziroii o= L ouo {mmax v I oSo ners are

zagy

a
! zhis

i Trigonometsi

It}

L R R T 2 2

<ransmictted and

wase and vacraturce

writeon('Reacd')

R R R S L A

£ile,file_Zaty)
le_djata.neader, heacex

1= file data.
;= file_cata.
:m file data.
(= file_data.

HRINIRt

BEEE
[

8

1

u

[

&

,~,

:= TX inphase ;
t= TX_juadratire
1w RX_inphase :
1= RX_juacrature ;

PEAD ', i-l,cnar(d, fxil,ilia, ELil.ilia,fr

R R S R L AL LR TR RY

Iead a3ta in g

secvestecamserarrrssrt e Doad marg JUL CTTTNEeTCeTesssecavevevon)




ERL-0502-RN 10

Qs

5

TEE
W

EUACER R TN 3

[FR]
i
kY
A

iscopy theager, 142, 7Y,
2lle_name) ;
,neager)

)

indax 1= 3 g
for 2= ~n ddv 2 o0 dv 2 - L do
Sezin
range := (¢c+*index)/(2.0%freginc*n)
index := index + 1 !
if < Qchen i =3 +n
eise i := 3 ;
iis iel s
amp = datai{2«i-l;vdatal 2+ il
ampl = 10.0 * la {amp) = 0.4343

amp2 := round(ampl) :

{ writeln (output_f£ile, rangs
writelin(cutput_Zile, range::

end ;

1 wWriteln(output_Zile, (20*ln(DatAmpil,i))*0.4343):6,Ch
(2071n(DatAmp(2,4})*0.4342):6,2hx

bosh

outpur_file) :
te data out }

{
end Py

clsse
(34

R S T L2 S T L N

1}~dazai’

l.char(9),arp2:9)
2,char(9),ampi:8:2)

header, 8,41

*ijvdaral (2L}

[

{ervevarrvsrrresoraweTrNer Main DrOQAM TTVereCetescewasmneNeNeTen)

vegin
reset (input _file, 'rcsl0Q.datc’)
for k = 1 20 2 do
tezin
Read_fata_In( k ) :
ass.gn_data
Hamming
TT(dazal, an, isign)
Write data cut

erd.

(9,
%)

index assccl

.
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APPENDIX II
FFT STORAGE CONVENTION
Figure {11 illustrates the storage convention for the input,output data array DATA1 contained in the
program HIGH RES ANALYSIS 3. The input array (refer to (a}) contains .V (a power of 2) complex data
samples in a real array of length 2.V, witl real and imaginary components alternating. The output arrav
trefer to (b)) contains the complex Fourier spectrum. Again the real and imaginary components alternate.
The array begins with zero frequency. and builds up to the most positive frequency. Negative frequencies
then follow, starting with the second most negative frequency (remember the most positive and negative
frequencies are ambiguous), up to the frequency just below zero.
s : { 2 Bl
1_0,.."“_...»,.0 .Q...“:i....,“;:o
QO may i O (may i
1O L, O e,
[OJRLFTY Q imag : AL
L™ RO
¥ %
-E 2 {‘ s 3
P < I,
5 R A LAY
: 7| !
ils s S D e
) 2 N L.
.............. - {2
I TS g }f" oy
O rat s ¢
O m ! wome s 3
QL dewoa [ L
'@ mag L ©  imag |[ ~a
far (1]
Figure II.1 Storage convention for input/output data array DATAL (after Press et al. 1986).
N S
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